BACKGROUND: Transapical off-pump NeoChord procedure is a novel minimally invasive surgical repair of degenerative mitral regurgitation (MR). Here, we report the first four cases of NeoChord procedure in patients with mitral valve prolapse in mainland China.
INTRODUCTION
Surgical mitral valve repair (MVR) is considered as the gold standard treatment for chronic severe mitral regurgitation (MR) due to leaflet prolapse. [1] Conventionally, MVR is performed in the patients in cardioplegic arrest to allow exposure of the mitral valve. However, some elderly or high-risk surgical patients cannot tolerate surgical thoracotomy, which reduces the opportunities of these patients to receive effective treatments. [2] In the era of growing percutaneous treatments for valvular heart disease, the transapical NeoChord repair procedure was emerged to offer an alternative option to conventional surgeries for the treatment of high-risk surgical patients. [3] The procedure of NeoChord system could be performed on a beating heart under direct transoesophageal echocardiography (TEE) guidance and allows restoration of normal leaflet motion. [4] With this technique, chord implantation and adjustment of their length is possible without the use of cardiopulmonary bypass. Recently published clinical studies have confirmed early safety and efficacy of this procedure. As a well-recognized cardiovascular intervention center, we can perform transcatheter aortic valve implantation. [5] We have successfully completed 12 mitralclip procedures and the first two cases of mitral valve repair by Arto system in Asia. Herein, we describe the first four cases of NeoChord procedures in patients with severe MR in mainland China.
CASES

Patient 1
An 86-year-old man with significant chest tightness World J Emerg Med, Vol 10, No 3, 2019 and short of breath was admitted to the hospital for acute exacerbation of heart failure. New York Heart Association (NYHA) class of this patient was IV and he received percutaneous coronary intervention (PCI) procedure five years ago. This patient also had chronic obstructive pulmonary disease (COPD) with pulmonary function tests indicating mild obstructive ventilation dysfunction. Echocardiography (TTE, 2D/3D TEE) revealed slightly thickened mitral leaflets. Because of ruptured tendinous chords, segment P2 of the posterior leaflet regurgitated into left atrium during mitral valve closure and severe single-jet, eccentric MR was noted. Clinical and echocardiographic information of this patient is summarized in Table 1 .
Patient 2
This patient was an 84-year-old man who was admitted to the hospital for recurrent dyspnea. He had a history of hypertension and coronary heart disease and NYHA class was IV. Echocardiography (TTE, 2D/3D TEE) showed posterior mitral leafl et thickening, and part of the leafl ets (P2 segment) prolapsed into the left atrium during mitral valve closure. Severe multiple-jet could be seen on the mitral valves during systolic period, which run along the anterior lobe and atrial septum. Clinical and echocardiographic information of this patient is summarized in Table 1 .
Patient 3
This patient was an 80-year-old woman with recurrent chest tightness. She had a history of coronary artery disease but without hypertension or diabetes. NYHA class of this patient was III. Echocardiography (TTE, 2D/3D TEE) confirmed severe prolapse of the segment P2 of the posterior leaflet due to ruptured tendinous chords. Severe multiple-jet, eccentric MR was noted which run along the left atrial side of the atrial septum. Clinical and echocardiographic information of this patient is summarized in Table 1 .
Patient 4
This patient was a 60-year-old man without signifi cant past medical history. Echocardiography (TTE, 2D/3D TEE) revealed severe eccentric MR due to prolapse of segment P2 of the posterior leafl et caused by rupture of tendinous chords. A cord-like structure could be seen at the apex of the posterior leafl et to move with the opening and closing of the leaflet. Severe multiple-jet, eccentric MR was detected. Clinical and echocardiographic information of this patient is summarized in Table 1 .
Procedure
Procedures were performed under general anaesthesia in a hybrid catheterization lab with the capability of cardiopulmonary bypass. All the processes were guided by 2D/3D TEE. Echocardiographic images were displayed on multiple monitors and can be clearly seen by the surgical team. The patient was placed in slight right lateral position to facilitate access to the apical area. Real-time 3D TEE confirmed the mechanism of MR ( Figure 1A ). After the apex was located by transthoracic echocardiography (TTE), a small incision which was 4 cm in length was performed in the 5 th intercostal space. Following the opening of pericardial sac, the site of access to the left ventricle (2-3 cm posterolaterally from the apex) was identified by ultrasound. Apical access was secured with purse strings and felt pledgets. After NeoChord system was inserted, the tip of the instrument was manipulated through the mitral valve at the site of leaflet prolapse under 2D/3D TEE guidance ( Figure  1B ). Once the device crossed the MV, the prolapsing leaflet was grasped which was then punctured with the instrument needle after full capture was confirmed by fi bre optic. The hooked needle was pulled back, and then a loop and two ends of an artificial chord were pulled out. The leaflet was released and a hitch knot fixed the artifi cial chordae on the leafl et after passing the ends of the chord through the loop. The device was withdrawn under 2D/3D TEE guidance to avoid any damage to the native MV apparatus and was reloaded to implant more neochordae. Three artificial chordae were implanted in the first patient and 3, 2, and 3 artificial chordae were implanted in the following patients, respectively. The free ends of all the artifi cial chordae were passed through a single felt pledget. Artificial chordae lengths were adjusted using 2D/3D TEE and fi nally anchored at the LV apex using pledgeted sutures ( Figure 1C) . TEE was then performed to determine MR to test the effect of chords implantation ( Figure 1D) . Finally, the pericardial sac was sutured, with a drain inserted into the pleural space and the thoracotomy was closed in a standard fashion.
RESULTS
All four operations were successful. Three artificial chordae were implanted in three male patients, while two chordae were implanted in the female patient. In all male patients, after the artifi cial chordae were anchored to the epicardium, intraoperative TEE with colour Doppler showed all of them only have a mild MR ( Table  2) . And in the female patient TEE showed a moderate MR (Table 2 ). Postoperative drainage was no more than 300 mL and the duration of stay in an intensive care unit of all four patients was only 1 day. Patient 1 and patient 3 developed transient atrial fi brillation (AF) after procedure, but spontaneously converted. Postoperative course was uneventful in all four patients with no adverse events including blood transfusion, pacemaker insertion, stroke, prolonged ventilation, or reoperation. All patients were discharged from hospital in good clinical condition and pre-discharge TTE confirmed left ventricular ejection fractions (LVEF) were normal in all patients and a signifi cant acute reduction of MR from severe to mild or moderate (severe-to-moderate only in female patient) were achieved that were no change from intraoperative TEE fi ndings (Table 2) . At 1-month follow-up, MR of these 4 patients was graded as mild, mild, moderate and mild, respectively. All patients reported no cardiac-related symptoms or complications (Table 2) .
DISCUSSION
Mitral valve repair by surgical treatment is a routinely performed procedure, especially for patients with posterior leafl et pathology. However, the decision of patients to undergo surgery is often delayed because the valve disease may be asymptomatic or may develop mild symptoms in early stage. Once severe symptoms occur, many people are already in an advanced age and the risk of surgery increases significantly, which makes many patients be no longer able to tolerate the surgeries. The long-term survival rate (6.3%) of patients with severe MR decreases by 6.3% every year. [6] With increasing of age, volume overload gradually leads to cardiac remodeling and may cause atrial fi brillation, pulmonary hypertension and heart failure. Some epidemiological investigations revealed that over 10 years 63% patients developed atrial fibrillation and symptomatic heart failure, while at 10 years of diagnosis of severe MR, 90% patients die or require surgical treatment. [6] Therefore, how to stratify the risks and decide timing of surgery are very important and somewhat challenging.
The NeoChord system as a transcatheter mitral valve repair technology provides us a promising alternative to open-heart MVR in patients with severe degenerative MR. This procedure allows for artificial chordae implanted to a mitral leafl et on a beating heart guided by echocardiography without the use of cardiopulmonary bypass. [7] The method is safe, effective and reproducible as demonstrated in animal studies [8, 9] and clinical [10, 11] studies. To date, the largest published series includes 213 patients from Italy, Germany, Lithuania and Poland. The successful placements of 2 or more neochordae were achieved in 206 (96.7%) patients. At 1-year followup, overall survival was 98%±1% and MR was absent/ trace in 60 (31.4%) patients, mild in 84 (44%) patients, moderate in 32 (16.7%) patients, and severe in 15 (7.9%) patients. The majority of the patients experienced both a reduction in MR severity and an improvement in the NYHA functional classes. [12] Recently, a long-term follow-up study was reported by 6 patients at 5 years. Successful repairs were achieved in 5 out of 6 patients. Two patients had to undergo reoperation for recurrent MR at three and sixteen months post-procedure. The remaining three patients were followed up at a period of 5 years and were observed to have complete freedom from recurrent MR ≤2+. [13] The author observed all three failure could be attributed to poor patient selection and suggested that patients with isolated posterior leaflet prolapse, in particular P2, with only limited annular dilatation, will be the best target population for this procedure which was confi rmed by current literature. [3, 14] 
CONCLUSION
In this study, we report the first four cases of the NeoChord procedure in mainland China. The reasonable selection of patients and overcoming the learning curve will signifi cantly improve clinical results and accelerate the worldwide adoption of this new therapeutic procedure with signifi cant benefi ts for patients. 
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